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SUMMARY 

An investigation was conducted on a typical  centrif'ugal- 
compressor-type  turbojet  engine t o  determine the operating  charac- 
teristics  during  ohanges in engine speed resulting  from sudden - 

changes  in  fuel flow. The  experimental data presented are suit- 
able  for  use in the  study  of  control  problems  aseociated  Kith 
transient  operation.  The data show the  variations  with  time of 
engine  speed,  thrust,  fuel flow, ana oritid gas and material 
temperaturee  caueed  by  sudden ohangea in fuel flow. 

The investigation shows that  the gas temperature at the  tail- 
cone  exit  indicates  the  approximate  turbine-blade  temperature dur- 
ing  periods of acoeleration  and  deceleration. The time  required 
for  rotor  epeed  to  become  stable w88 approximately  the same for 
both accelerations  and  decelerations of the same magnitude  over 
the  same  range of speeds. . 

The design of automatic  controls  for a gas-tnrbiqe  engine 
requires  knowledge of a number of characteristic relatiom for the 
engine  under  consideration. The rate  of change of engine speed 
with  various  changes in fie1 flaw, for  instanoe, must be known in 
order  that the proper choice of conetants may be  made  for a speed 
control  to  prevent hunting or  overshooting. Temperature-acceleratfon 
relations m u a t  be knm so that cmtrols can be designed to 
protect  the  engine  againet  excessive temperatures  during  acoelera- 
tion. Other  chamcteristfcs,  such as blow-aut  limits, nust be 
known so controls  can  be  designed t o  insure  continuous  operation 
of the engine  during  acceleration and deceleration. 
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Experimental  data  obtained at the NACA Lewis  laboratory des- 
cribe  the  engine  operating  characteristics  during  transient con- 
ditions of a centrifugal-compressor-type  turbojet  engine  typical 
of current  design  practice. The investigation  included  observa- 
tion of engine  operation  at  sea-level  conditione during periods of 
acceleration and deceleration  over  wide  ranges  of  engine speed. 

The acceleration ard deceleration  data  were  obtained in such 
8 manner  that  they  are  characteristic of the e&ne alone and 
essentially  independent  of the  external fue l  system and engine 
operator.  The  engine fuel  system WBB modif  led  to  provide for a 
change of fuel flow in a well-defined s i n g l e  etep by installing 
a second  throttle a d  solenoid valve  in a bypass  line around the 
main engfne throttle. This alteration in the f u e l  eystem made 
poesible very rapid  changes in the one independent variable,  fuel 
flow. During perioda of acceleration and deceleration, meamme- 
ments  were made of the  variation  with the of engine speed, 
thrust,  various gas temperatures,  and  turbine-blade  temperature. 
The data presented herein ere suitable for w e  in  the  study  of 
control problem associated w i t h  transient operatfa of turbo- 
jet engines having  centrifugal  compressors. 

Englne 

The turbojet  engine used has a centrUugal compressor  with 
14 can-type  burners, a single-stage  turbine, and a fixed-area 
exhaust  nozzle. The maximum rated  engine. speed is 11,500 rpm. 
In this  inveetigation,  the  engine  is  considered  typical of cur- 
rent  design  practice and performence f o r  production  centrffugal- 
cmpreasor-type turbo  jet engines. The t e s t  stand wa6 of the Btatfc- 
thrust type Kith a pendulum mounting. 

The engine  fuel  eyetem.wars  altered t o  make possible very rapid 
changes in fue l  flow. This alteration allowed the  acceleration aad 
deceleration  charaateristics of the  engine to be  determined  inde- 
pendently of external  fuel-system  characteristics ami operating 
technique. 
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The fuel system used included an auxiliary  thrott le and a 
solenoid valve installed in  ser ies  in a bypa88 line around the main 
thro t t le .  With the solenoid valve closed, the main t h ro t t l e  was 
adjusted to give a desired lower engine speed. The solenoid valve 
was then opened ana the auxiliary thro t t le  adjusted to pass addi- 
t ional fuel to give a selected higher engine speed, The fuel flows 
for any two steady-state engine speeds could thus be established 
and the  necessary rapid change in fuel flow for acceleration  or 
deceleration between the two engine speeds w8s obtained by opening 
or Closing the solenoid valve. The rapid changes i n  fuel. flow 
obtained in this manner w i l l  be referred to hereinafter 88 "step 
change81r althou& the changes were not  inetantaneous. 

Fuel f luw waa measured by use of an orif ice  in the main fuel 
line and a gage, which measured the pressure drop acro8s the  ori- 
f ice. A prelhlmry invest5gation of the responee rate of the 
f uel-flow-measuring instrumentation showed that the instrmenta- 
t ion  x88 capable of followfng much mre rapid f low-rate changes 
than those encountered during the engine rum. The time required 
for  fuel flow t o  change from ope value t o  another, hcwever, was 
found t o  vary w i t h  the length of hose dowmtresm of the or i f ice  and 
w i t h  the amount of outlet   restriction. It is therefore presumed 
that the indicated time required f o r  thq fuel flow to change from 
one value t o  another when the  eolenoid valve in the bypass l ine  w88 
operated was prfmarily caused by the fuel-sgstem configuration  rather 
than by any limitatton in t h e  measuring equipent.  

"ne-Blade Thermocouple Instal la t ion 

Turbine-blade temperatures were iadicatea by one thennocouple 
in the leading edge of each of' six turbine blades , A hole w a s  
dril led in  each of the blades from the bottom of the root to   the 
leading edge. Chrome1 and alumel wires were passed t b u &  a two- 
hole Almdum insulation tube, which was then encased in a st8ZnIess- 
s t e e l  tube. This assembly was paesed throu& the drilled hole in a 
turbine blade, as shown in figure I. The thermocouple Junction wa8 
then welded into the leading edge of the blade and the surface 
finished t o  the original contour of the blade. The thermocouple 
junctions were  located mid- bekeen the blade mot arrd the blade 
t i p .  

The tube6 containing the themcouple wires were attached to 
the f ir- tree  root  (f ig.  I), and then were passed 810% the duwn6tream 
face of the  turbine wheel t o  a terminal block at the hub. The tubes 
were fastened to the wheel w i t h  small strape spot-welded to   the wheel. 
The instal la t ion on t h e  turbine wheel is shown in figure 2. 
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Six pairs of chromel-alumel  leads were installed fran the  ter- 
minal  block  through  hcles in the  centers of the turbine and com- 
pressor  shafts  to a Blip-ring  mechanism  at the forward end of the 
engine. The slip-ring mechanism (fig. 3) coneisted. of 12 copper 
rings on a shaft  connected  directly  to  the engine aompreeeor ehaft. 
Brushes made of copper were mounted on a bakelite  block,  which was 
pivoted In suah a mauner  that the bnzehes could be lifted from the 
slip  rings  when not in me. Thls arrangement  wet^ provided to 
decrease wear on the slip rings a d  brushes. The b m h  pressure 
during  contact wae ad.juated to approximately 40 pouds per e q u m  
inch. A eteam-heated  unirorm-temperature box was provided at the 
end of the slip-ring  aeeembly t o  house the junctions between the 
chrcanel-alumel lead w i r e 8  and the  copper w i r e s  that led to the slip 
rings. The circuit was completed, 88 sham in figure 4, through a 
erelector  switch and the  unifonn-temperature box to a recording 
potentiometer. 

Becauae anly one potentlometer was uaed for  blade-temperature 
meeusuremsnt,  it wae poS8ibh to w e  only one of t h e  blade  thermo- 
couples for any given acceleration or deceleration run. The mi- 
cated  temperatures of all six thennocouplea were BO similar that if 
trouble was experienoed with one thermocouple another could  be upled 
without stopping the  engine  to make repaim. 

Gas -Teanpersture  Thermocouple  Installation 

All gas temperatures  were m e a ~ ~ ~ e d  with  bare  chromel-alumel 
thermocouples of 18-gage wire. Figure 5 is an outline 09 the engine 
showing  axial  positionrr of temperature+neaurlng  stations on the 
engine. The burner-exit gas temperature was obtained f r o m  one of' 
the burners upstream of the  nozzle  diaphragm. The gae temperature 
at  the taileone exit was an average  reading  obtained by connecting 
14 thermocouples in parallel  to a single indicator. Theae 14 them- 
couples extended radially 2 inches l n t o  the  tail pipe Etnd were 
equaLly epaced  circ&emntially  about  the tail pipe. The gas tem- 
persture at the tail-pipe  exit wae obtained frm one thennocouple 
at the  center of the gas stream. 

Thrust Meter 

E!ngine thmrat waa measured by strain gages mounted on a thruat 
link. The etrain-gage  circuit was oonnected. to a self-balancing 
potentimeter, the drfve motor of which wae connected to an indicating 
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dial. A check run on the responee rate of this  system s h a d  it to 
be  capable of following thrust c m e s  during acceleration and deceler- 
ation with negligible lag. 

Data for  the  acceleration and deceleration runs were obtained 
by photographing a panel of instrument8  with a motion-picture camera 
at the rate of 12 f r e e  per second. In analyzing the data, read- 
ings from many of the frames representing  nearly  line= rates of 
change were omitted t o  Bave time. A photograph of the instrument 
panel, taken w h i l e  the engine waa inoperatfve, is ahown in figure 6. 
The temperature indicatora used with the gas-temperature t h e m -  
couples were of the mfllivoltmter type with fixed-resistance leads. 
A tachometer indicated engine speed in revolutions per minute, and 
time was indicated by a clock reading i n  thousandths of a minute. 
The horizontal scale of the self-balancing  recording  potentiomter 
w88 placed at the bottom of the pang1 so that the indication of 
6urbine-blade temperature could be photographed in addition  to  the 
recording on the chart. Other instruments shown were not used dur- 
ing  the  investigation  reported. 

Acceleration 

Results of the  acceleration runs are presented in  figure 7 and 
the change in engine speed that corresponds t o  the data of' each part 
is given in table I. Each part of figure 7 consists of seven curves, 
four representing burner-exit, turbine-blade,  tail-cone-exit, and 
tail-pipe-exit temperatwee and three representing engine speed, f'uel 
flow, and thrust as functions of tlme. The zero  point on the time 
ecale corresponds w i t h  the instant of opening o r  closing of  %he sole- 
noid valve in the fuel-syetem bmase line. The four temperature 
cur-ves were not corrected to e t a n d d  conditions inasmuch as the 
proper  corrections for turbine-blade temperatures were not knm. 
The engine-speed, fuel-flow, and thrust curve8 represent data that 
have been corrected t o  NACA standard sea-level  conditions by the 
m e  of 6 ( ra t io  of' engine-inlet  static pressure to NACA stanPard 
sea-level pressure) and 6 ( ra t io  of observed compressor-inlet 
temperature t o  NACA stanaard sea-level temperature). The various 
values of S and 19 m e  inclu6ed i n  the figure sublegends . 
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An axrow wae placed on each  curve at the point at which the 
slope became appkoximately zero t o  make it easier  to  visualize  the 
time necessaxy fo r  the different  variables  to  reach steady-state 
conditione. The curve of fuel flow against time i n  figures 7(e), 7 (  J),  
7(0), and 7(p) shave a tendency t o  level off before reaching a maxi- 
mum value and then t o  increaae more slowly toward the eteady-state 
value. Thie pecul ie i ty  waa observed osly where the changes i n  
fuel  flow were exceptionally large and is 8ttribUted to the   fact  
that the output of the engine-driven fue l  pump increased ae the 
engine speed accelerated. 

Inasmuch as the temperature  curves were obtained by the use of' 
bare-wire thermocouples and the necessarily small amount of instru- 
mentation, it 18 emphasized that the  indicated  temperatures may be 
somewhat different frcan the t r u e  station temperatures. The shapes 
of the curves are signif  icsnt, however, and a number of interesting 
trends can  be observed. For example, the  curves show that the gas 
temperature a t  the tai l-pipe  exit  in almoet all cases  ovemhoots 
soon a f t e r  an increase In fuel flow fs made an3 then gradually drop 
back t o  an equilibrium  level aa engine speed increaaee t o  a steady 
value. The curves of gas tmnperebture at the tail-cone exi t  show, 
however, that,in general, overshooting  took place only when the step 
change in fuel flow waa large and the initial engine speed was 
8000 rp o r  less. The gas temperature a t  the  burner  exit did not 
overshoot appreciably with any step change i n  f u e l  flav, except when 
engine speed waa below one-half' rated speed and fuel flow waa sud- 
d e n b  increased to the rated-speed  value, BB sham in  figure 7(0) .  
The turbine-blade  temperatures only momentarily  exceed ffnal steady- 
state valuee when the burnerexit gaa temperatures overshot. 

Analysis of these temperature trends leads to   the following 
hypothesis : Inrmediately a f t e r  f u e l  f l o w  is suddenly lncreaeed, a 
k g e  portion of the fuel increment pasees through the burners and 
burns i n  the tail pipe. As er@m a p e d  (and therefore air flow) 
increases, the zone of mcondary burning moves f&h.er upstreem, 
until as the speed approaches an equilibrium value a l l  burning 
takes place In the burner. It is apparent that during the process 
of engine acceleration,  gas  temperatures measured in   the tail pipe 
axe not indicatlve of turbine-blade temperatures. The tail-pipe 
gas temperature may r i e e  considerably above i t a  final steady-state 
value without any accompanying overshooting of twbfne-blade 
temperature. At an engine speed of 8000 rp (uncorrected) I 

suddenly increasing fuel flw t o  the maxlmum-m.ted-speed value 
did  not came  turbine-blade  temperatme t o  exceed the final 
steady-state value (fig. 7(e) ) . At 7000 rpm (uncorrected), 
SUddedy increasing f'uel flow t o  i ts  maximum-rated-epeed value 
caused turbine-blade  temperatures t o  overghoot by about 50° F 

Y 
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(fig. 7(p) ) . The C W F V ~ E  of turbine-blade  temperature (fig. 7) 
show  about  the same trends 88 the  gas kmiperature  at  the tail- 
cone  exit. 

As mentioned  previously, the turbine-blade  temperature wae 
measured at  a point  very near the  leading-edge surf'ace. Because 
the  trailing edge of  the  blade  is  thinner  than the leading edge, 
it appears logical  that  the  trailing  edge w o u l d  respond  more 
quickly  to changes in gas temperature  than  the  leading edge. Au 
examination  of the temperature  curves  indicates,  however,  that t he  
leadingedge temperature  responds  almost ae quickly 88 the bare- 
w i r e  thermocouples used to measure gas temperatures. It therefore 
appears likely that the  rate  of  temperature  change a€' the  trailing 
edge  cannot  be  much  -eater than that of the leading edge. The 
trailing-edge  tempelzgLture w o u l d  therefore not be eqected to over- 
shoot  appreciably  more than the  leading-&@  temperature. 

Deceleration 

The results of t h e  deceleration runs are presented  in figure 8 
eLnd the  change in engine speed that corresponds to t he  data  of  each I 
p a 3  is given in table 11. !Chese figures 8re plotted in the t3ams 
manner 88 the ameleration curves. Although engine speed drops off 
rapidly as soon 88 fuel  flaw is reduced, the time  required for 
speed to reach  equilibrium  is  of  the same order of maepitude 89 
the  time  required  for  acceleration through the same speed range. 
The measured  temperatures  decreased smothly durfng decelera%ion. 
It might be expected  that the temperatures  during  deceleration would 
reach  intermediate  values  lower  than  the  final value, and then 
increase to an equilibrium  value  inasmuch 88 fuel-air  ratio is momen- 
tarily  reduced below the final s t e a d y e t a t e  value when  the  fuel flow 
is suddenly decreased.  However, no such  undershooting w a s  obsemed; 
instead, the temperatures  in a l l  case8  decreased  gradually  to  the 
new equilibrium  values. It is presumed that  thfie  apparent  absence 
of mdershaoting may be cawed by  radiation t o  the thermocouples 
f r o m  the flame in the burnera and from nearby metal surfaces haTing 
appreciable thermal lag. 

General Performance 

The engine perfomd in a stable and uniform manner  throughout 
the entire investfgation  except when attempts w e r e  made to accelerate 
f r o m  enene speeds below 5ooo rpm t o  rated engine speed by changing 
fuel-flaw  rate  fram  the low to the  high  value  in one step. under 
such  conditions,  turbine speed either failed to increase  or  decreased 
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for an appreciable length of time (3 t o  5 sec) before beginning to  
increme toward the rated,-sped value. This phenomenon m q  b6 attrib- 
uted. t o  very poor combustion efficiency result- from the mcrmenteuy 
over-rich  fuel-air mixture. No imta ices  of  complete engine blow- 
out  occurred durin@; deceleration even when the fuel flow w m  rapidly 
reduced f'rom the maJrfmurm value t o  that required for idline;. 

An investigation conducted on a typical  centrifugal-compressor- 
tw turbojet engine t o  determine the effect of step c w e s  In fuel 
flow on engine operating  conditions gave the foll0wing results: 

1. GEtS-bmperature measurement at the tail-cone  exit  indicated 
approximate turbine -blade tamperatwe during periods of acceleration 
and deceleration. 

2. Time required  for  rotor speed to reach equilibrium wa.8 
approximately the same for acceleratJons and decelerations of the 
sene magnitude over the 882118 r w e  of speeds. 

Lewis Flight Propulsion Laboratory, 

Cleveland,  Ohio. 
National Advisory Cozmnittee for Aeronautics, 

. 



IJACA RM E9K25a 9 

T 
Uncorrected en 
Beginning of 
acceleraklon 

8,000 
8,000 
8, OOQ 
8,000 
8,000 
9,000 
9,000 
9,000 
9,000 
9,000 
10,000 
10,000 
10,000 
11,000 

7, OOQ 
5,000 

Lne epeed, rpn 
Bld of 
acceleration 

8 ,  
9,000 
9,500 
11,000 

9,500 
10,000 
10,500 
11,000 
lI,500 
10,500 
11,000 
11,500 
11,500 

11,500 

11,500 

1 



10 

OF EACH DECELERATION 

Uncorrected engine aped ,  rpm 

Beginning of 
dmeleration deceleration 
End of 

11,500 

10,000 11,500 
10,500 11,500 
11,000 

I1,Ooo 10,500 
11,000 10,000 
10,500 10,000 
10,500 
10,000 

9,000 

9,000 10,000 
9,500 

9,500 9,000 
9; 000 8,500 
9,000 8,000 

11,500 5,000 



M ACA Rh4 E9K25a I 1  

C-26957 
3-26-48 

. 





r 

a 

NACA RM E9K25a I3 

Copper s l i p   r i n g  

-Copper 
Thermocouple on Steam i n  bru ah  

turbine  blade 

Alume 1 
Selector 
sait oh Chrome 1 

Unif o m -  
temperature 

copper 

Alume I Copper 

I 

Se Lf -balancing 
potentiometer 

Steam out 

Figure 4. - Schematic  diagram of thermocouple i n s t a l l a t i o n  f o r  measuring 
turbine-blade  temperatures. 
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Figure 6. - Instrument panel wed fo r  photcgraphioally obtainlw data. 
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( d )  Acceleration, 8,000 M 11,000 rpm; s, 1.020: 8 ,  0.974. 

Figure 7. - Continued. Acaeleration  characteristics  Kith a t e p  change i n  
fuel flow corresponding to change In uncorrected engine apsed. A r r o w a  
indicate tlme  at which  equilibrium is reached. 
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( e )  Acceleration, 8,000 to 11,500 rpm; fi, 1.025; 6 ,  0.975. 

Figure 7 .  - Continued. Acceleration  characteriatlcs rith step change 

A r m r s  indicate tine at  which equilibrium i a  reached. 
in  f u e l  f l o w  corresponding to change In uncorrected  engine  speed. 
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Time, seo 

( f )  Aooeleration, SO00 tc.9500 rpn; 6, 1.035; 8 ,  0.876. 

Figure 7 .  - Continued. Acceleration  characteristlca  with 
atop change in  fuel flow correspondlng to  change l n  
uncorrected engine speed. b o r a  indicate tinmat nt.lch 
equilibrium l a  reached. * 

I 



N ACA RM E9K25a 

Figure 7. - Continued. Acceleration characteristics uith 
atep c h q a  i n  fusl f l o w  correapcznding to change i n  
uncorrected engine speed. Arrows indicate tine at which 
equilibrium is reached. 
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Time ,  sac 

(h) Acceleration, 9,000 to 10,500 r p m ;  6, 1.025: 6 ,  0.974. 

Figure 7. - Continued. Acceleration characteriatlas with 
step ahsage in f u e l  f l o w  aorreaponding to q h w e  in 
uncorrected engine speed. Arrora indicats time at which 
equilibrium is maohed. . . - . .  

. . . . . . . 
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(i) Acaeleration. 9,oOO to ll,W rpm; fi, 1.020; 8 ,  0.9774. 

Figure  7 .  - Continued. Acceleration characterlatlcs  with 
step change in rue1 f l o w  correspond1 t3 chsnge i n  
uncorrectad engine speed. Arrows l n z c n t e  tlms a t  which 
equilibrium is reached. 
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F l m r e  7. - Continued. Acceleration  characterlatics with step change 

in fuel flov corresponding to change in uncorrected engine spefd. 
Arrows indicate time at which equilibrium i a  reached. 
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Time, seo 

(1) Acceleration, 10,000 to 11,002 rpm; 6, 1.035; 8, 0.976. 

Pigwe 7.  - Continued. Acceleration  charaoteristics with 
atop chanpe i n  fuel f low COrFe8POnding to  chmge in 
uncorrected w i n e  speed. Arrows lndFcate t imn a t  which . 
oquillbrium fa reached. 
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Figure  7 .  - Continued. h.ccelerat1on  dharacterlstlca  with  step change in 
h e 1  flow corresponding to change in uncorrected engina speed. Arrows 
lndicata tine a t  which equllibrluum l a  reacked. 
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(n) Accele ation, 11 000 to  11,500 rpm; &, 1.036; 6, 0.074. 

Figure 7 .  - Continued. Acceleration  charrcteristios 
wlth s tep  &ango in fuel f l o r  corresponding to 

time at  which equilibrium is reached. 
change In unaorrected engine awed. Arrows indicske 
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Time, aec 

(a) Deceleration, 11,500 t o  11,OOO r p m ,  
fi, 1.036; 6, 0.9739. 

Figure 8. - Deceleration  characteristics  with  step 
change In f u e l  flon correapondlng t o  change in 
uncorrected  engine  speed. Arrows indicate  time 
at uhich  equilibrium is reached. 

. 



34 NACA RM E9K25a 

d 0 Engine  speed 

Time, sec 

(b) Deceleration, 11,500 to 10,500 rpm; 
@, 1.035; 6, 0.9699. 

Figure 8 .  - Continued. Deceleration  characteristics 
with s t e p  change in  fuel flow corresponding to 
change in uncorrected engine speed. A r r o w s  indicate 
time a t  which equilibrium i s  reached. 
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Time,  8ec 

( c )  Deceleration,  11,500  to 10.000 rpn'; fi, 1.036; 6, 0.9739. 

Figure 8. - Continued. Deceleration  characteristics with s tep  changa 

Arrowa indicate tims at  which  equilibrium is reached. 
k fuel f l o w  correapondlng to change in uncorrected engine spaed. 
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(dl Dawleration, 11.600 b S . O W  rpn; 6, 1.0281 6. 0.8855. 

Figure 8 .  - ContLmed. Dewloration  characterlat ics  rXth a top  oaange kr h e 1  flor oorreapondlw 
to h n F e  in uncorrected e- s g s d .  *rrora lndlcats tlm at  rt.iah aqulllbrlun I8 rsmhed. 
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Time, 8ec 

(e )  Deceleration, 11,000 to 10,500 rpm; 6, 1.035; 6, 0.9739. 
F l g u r s  8. - Contlnued.  Deceleration  characteriatics  with s t e p  

change i n  fue l  f l o r  corresponding to changt in uncorrected 
engine  speed. Arrows indicate tiole a t  which equlllbrium is 
reached. 
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Time, 8ec 

( f )  Deceleratlon, 11,000 to 10,000 rpm; 6, 1.036; 6, 0.9769. 

F i g u r e  8 .  - Continued. Deceleration characteristics with step o d n g e  in 
fuel flow correspondhg to change in  uncorrected engine speed. ~ f i o w s  
I n d i c a t e  tine at whiah equilihriun I s  maahed. 
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( 9 )  Dscolsration, 10,600 to 10,OW rpm; 6, 1.036; 8, 0.9789. 

Figure 8. - Contlmad. Dacslsmtiw oharaatsrtatias rlth atop ahangs i n  fuel f low 

equilibrium is reached. 
corresponding to change ln unoorreotsd swim spaad. &OWE M l o a t e  time at  d i o h  
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D a c e 1  ratfon. ?, 8 1.030 ; 6 ,  0.9743. 
10,Ooo to 9,500 

41 

Figure 8. - Continued. Deceleration  characteristica  with 
s t e p  change in fuel f l o w  corresponding to charye in 
uncorrectea engine a p e d .  Arrona indicate time at which 
equilibrium l a  reached. 
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Time, ace 

(1) Docelamtion, 10,MX) to 9,Mx) rm; fi, 1.0901 8, 0.9743. 

F l y m  8. - Ccmtimsd. hoelaration charaoterlstlos with atdp brigs in  fuel 114 
correawrdim t o  changa l n  uncorrected engine n p o d .  drrola M l o a t e  tlns at  
whiah awllibrluu is reached. 
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(k) Dsaaleration, 8500 t o  WOO rpmj 6, 1.098; 8, 0.976B. 

Flgum 8. - Contlmed.   haeleration aharaotsriatias rlth atop ahanges 

l l f i e r a  lrdiaate tlme at rrhloh equ%brlrm I s  renobed. 
ln f u e l  f l o w  cnrresponding t o  ah In u w a r r s a t e d  engins speed. 
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